Acetylation of trehalose mycolates is required for efficient MmpL-mediated membrane transport in Corynebacterineae.
Pathogenic species of Mycobacteria and Corynebacteria, including Mycobacterium tuberculosis and Corynebacterium diphtheriae, synthesize complex cell walls that are rich in very long-chain mycolic acids. These fatty acids are synthesized on the inner leaflet of the cell membrane and are subsequently transported to the periplasmic space as trehalose monomycolates (TMM), where they are conjugated to other cell wall components and to TMM to form trehalose dimycolates (TDM). Mycobacterial TMM, and the equivalent Corynebacterium glutamicum trehalose corynomycolates (TMCM), are transported across the inner membrane by MmpL3, or NCgl0228 and NCgl2769, respectively, although little is known about how this process is regulated. Here, we show that transient acetylation of the mycolyl moiety of TMCM is required for periplasmic export. A bioinformatic search identified a gene in a cell wall biosynthesis locus encoding a putative acetyltransferase (M. tuberculosis Rv0228/C. glutamicum NCgl2759) that was highly conserved in all sequenced Corynebacterineae. Deletion of C. glutamicum NCgl2759 resulted in the accumulation of TMCM, with a concomitant reduction in surface transport of this glycolipid and syntheses of cell wall trehalose dicorynomycolates. Strikingly, loss of NCgl2759 was associated with a defect in the synthesis of a minor, and previously uncharacterized, glycolipid species. This lipid was identified as trehalose monoacetylcorynomycolate (AcTMCM) by mass spectrometry and chemical synthesis of the authentic standard. The in vitro synthesis of AcTMCM was dependent on acetyl-CoA, whereas in vivo [(14)C]-acetate pulse-chase labeling showed that this lipid was rapidly synthesized and turned over in wild-type and genetically complemented bacterial strains. Significantly, the biochemical and TMCM/TDCM transport phenotype observed in the ΔNCgl2759 mutant was phenocopied by inhibition of the activities of the two C. glutamicum MmpL3 homologues. Collectively, these data suggest that NCgl2759 is a novel TMCM mycolyl acetyltransferase (TmaT) that regulates transport of TMCM and is a potential drug target in pathogenic species.